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19 (cont)

component and enzyme-linked toxia hapten have been successful and
indicate a general applicability of colorimetric.prototypes. There,
is however, considerable manipulation requxred to decrease non-
specific binding of the hydrophobic toxin-enzyme complex to the plates.
Preliminary studies aimed ‘at producing monoclonal antibodies have Peen
explored using brevetoxins linkad to keyhole limpet hemocyanin (KLH).
Purification of the specific binding componpnts have been attempted. /
using toxin affinity column, molecular size partitioning chromatography
and Protein G-Sepharose columns. . /
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Foreword

Citations of commercial organizations and trade names in this
report do not constitute an official Department of the Army endorsement
or approval of the products or services of these organizations.

In conducting the research described in this  report, the
investigator(s) haved adhered to the "Guide Ior the Care and Use of
Laboratory Animals”, prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Lzboratory Animal Resources,
National Research Council (DKHS Publication No. (N[H) 86-23, revised
1985). '
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II. Statement of the Problem

This contract is concerned with the development of diagnostic
methods and therapy for exposure to polyether toxins produced by marire
dinoflagellates. We have proposed two separate binding assays which
have potential value in the quantitative detection of these toxins in
biological samples. Our specific aims are to:

(1) develop and refine in vitro radiometric binding assays to
detect  polyether marine neurotoxins in biological samples using
tritiated brevetoxin PbTx-3 (formerly T17) ‘as radiometric probe and
employing antibodies prepared in a goat against toxic component PbTx-3
produced by laboratory culture of Ptychodiscus brevis or synaptosomes
prepared from rat brain; y

(2) determine the sensitivity and specificity of the binding
assays using brevetoxin standards: mixed with biological samples of
clinically-obtainable types, i.e.serum, mucousal secretions, urine and
or feces; . - '

(3) using goat antibodies or solubilized brevetoxin binding
component from rat brain, develop enzyme-linked assays to further
simplify the procedure for routine use;

(&) examine potential cross-reactivity of the binding. assays
with respect to other polyether toxins, and hence their usefulness in
the detection of other lipid-soluble marine polyether toxins;

() examine the feasibility of using available antibodies as
therapeutic agents, first wusing competitive in vitro molecular
pharmacological binding assays, and later by examining the reversal of
toxic effects in animals by immunoassay; )

(6) provide reagents adequate for 10,000 assays, including
radiocactive toxin probe, and data on tests and evaluations. Detailed
protocols will accompany reagents. 4

I11. -Background
A. Toxins

We routinely isolate six brevetoxins from laboratory cultures of
P. brevis, all opased on the two polyether backbones (). In
logarithmic cells, the two predominant toxins are PbTx-1 and PbTx-2
(see Figure 1). In: statlonary cells, approximately the same relative
anvunts of PbTx-1 and 'PbTx-2 are present on a per cell basis, but now
in addition PbTx-3, PbTx-3, PbTx-6 (based on the backbone present in
PbTx-2). and PbTx-7 {based on the backbone present in. PbTx-1) appear.
Two additional synthetic toxins, PbTx-9 and PbTx-10, are available by
chemical reduction (2). :

B. Molecular Pharmacology

we have previously shown that PbTx-3 binds to site 5 associated
with voltage-sensitive sodium channels, and, have determined a K_ of 2.9
nM and a B of approximately 7 picomoles/mg svnaptosomal protein (see
. Figure ) B this site. We also demonscrated that tritiated PbTx-3
could be displaced in a specific manner from its binding site by either
natural or synthetic brevetoxins. Our initial observation was that
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displacement cfficiency was linked in a positive fashion with potency
in animals. Specific displacement curves correlated well with the
potency of each individual purified texin. Differential 1lipid
sclubility of each of the natural brevetoxins made it imperative to
include Emulphor EL-620 in all experimental tubes.

In ‘addition to developing displacement curves for the six toxins
(n=2), we had sufficient toxin material for PbTx-1,-2,-3, and -7 to
calculate K;s. These are suamarized for seveial species in Table 1.
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Figure 1. Structures of the bBrevetoxins.



Table I. Inhibition Constants for Derivative Brevetoxins
Derived from the Cheng-Prusoff* Equation

Toxin K. (nM).
Turtle ' lFish Rat
PbTx-1 0.39 . l0.10 0.72
PbTx-2 1.34 23.57 3.51
PbTx-3 1.96 37.04 2.47
PbTx-5 ' EER R 2.68
" PbTx-6 6.60
PbTx-7 ‘ .- ---- 0.85

*see Reference (3).

C. Immunology

At a time when only the structures of PbTx-2 and PbTx-3 were
known, we Dbegan developing immunoassays for the detection of
brevetoxirs in marine food sources (4). Utilizing bovine serum albumin-
linked brevetoxin PbTx-3 as complete antigen, we succeeded in producing
antiserum in a goat. We chose goats for the large quantities of immune
serum which we could obtain, provided we could raise an antibody
population. Subsequent characterization of the immune serum obtained
indicated that both PbTx-2 and PbTx-3 were detected in approximately
equivalent manners. Although oxidized PbTx-2 was not potent in either
fisb or mouse bioassay (5), it did displace PbTx-3 in competitive
radioimmunoassay, an indication that potency was not reflected in RIA.

With the description of new brevetoxins based on the PbTx-2,PbTx-3
-type structural backbone (1), it was of interest to examine the
competitive abilities' of these new toxins. Based on the types of
structural derivatives in tthis toxin series, we felt that new
information regarding the epitopic sites on the brevetoxin backbone
wmight be uncovered. In the same vein, the new structural backbone
present’ in PbTx-1 and PbTx-7 might give us further insight into’
epitopic sites (the terminal 3 to &4 rings are identical) on
brevetoxins. ‘ . . ' :

Radioimmunoassay displacement .curves indicated that the antibody
recognizes and binds the toxins: which possess the type of structure
depicted on the left(type-l) of Figure 1 with much higher affinity than
it does the toxins whose backbone is illustrated in Figure 1 on the

right (type-2). This 1is not surprizing because the antibody was
produced by immunizatiorn with BSA-linked PbTx-3, a type-1l toxin (18).
Statistical analysis of ED_ vaiues reveal that there are no

statistical differences between the efticiencies with which PbTx-2,
PbTx-3, and PbTx-5 displace tritiated PbTx-3 from the antibody-hapten
complex (t-test, p<0.1). Analysis of 50% displacement values for PbTx-
1 and PbTx-7 (both type-2) revealed adb statistically-significant
difference (p<0.001). With the exception of PbTx-6, a significant
difference was consistently found, however, between the curves for the
two tcxin backbones, Tvpe-1l toxins are approximately 10-fold more
efficient than are type-2 toxins at displacing tritiated PbTx-3 from
the binding site. The exceptional case, PbTx-6. is a 27,28 epoxide of
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a type-l1 toxin. An epitope on the toxin molecule 3ay involve the
configuration around the 27,28 carbon unsaturation (summarized in Table

IT) (6).

TABLE II. CORRELATION OF POTENCY WITH RADIOIMMUNOASSAY
AND SYNAPTOSOME ASSAYS '

..............................................................

Toxin Synaptosome LD, Rdlemeu1oaSsay
ED, K (ndY (nM)
50 i 50
(nM)

PbTx-1 3.5 7.1 4.4 93.0

PbTx-7 4.1 8.4 4.9 92.0

PbTx-2 17.0 16.1 21.8 22.0

PbTx-3 12.0 37.0 16.9 20.0

PbTx-> 13.0 42.5 - 10.1. '
PbTx-6 32.0 .--- 5.0 112.0

are uefined as the toxin conc at which 50% displacement of
trxglated PbTx-3 from sodium channels or antibody occurs. LD

50
are determined bv incubation of Gagbusia affipis with toxin in 20
ml. seawater for 60 minutes. K. are determined as described in the

-

text. - , : .

"In addition, we began to explore methods for converting the RIA to
an enzyme linked form. We sought to use an enzyme svstem which was
stable, produced a color recction wnhich would be visible to the naked
eve. (even though our evaluation woulG take place in a microtitre plate
reader), would lend itself to coup.ing enzyme to either toxin or
ar. ibody, and would possess an enzymatic ac-‘vity that was absent in
mammalian systems (to reduce background color reactions).

The basic assay under development followed a noncompetitive enzyme
lnmunoassay sandwich technique (figure Z). Heterogeneous system assays
¢7.8) such as these may be performed as either competitive or
noncompetitive types, and may be either enzyme-antibody labeled or
enzvime-hapten (antigen) iabeled. Thus. the greatest flexibility is
rained employing such techniques, and many different variations may be
developed to meet defined criteria. : '

ureas
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Figure 2. Non-Competitive Brevetoxin-antibody-Protein A Urease ELISA.




In order for the proposed assay to work, toxin PbTx-2 ‘illustrated
as triangles) had to be successfully bound to the microtitre plate
wells. Unlike standard enzyme immunoassay procedures, where water-
soluble IgG ' is adsorbed to the plastic plates, it was necessary to
investigate the binding kinetics and equilibria of toxin binding. It
is imperative that the solid phase should adsorb an adequate amount
hapten in a reproducible 'manner, and that variability at this stage
will affect the ultimate precision of the assay.

Binding of PbTx-2 (step 1 c¢f figure 2) was evaluated in three
media : ethanol, a solvent in which the toxins are reasonably soluble;
phosphate buffered saline. in order tou promote partitioning onto the
hydrophobic -polystyrene surface; and carbonate buffer of pH 9.6, which
is routinely used to bind IgG to plates. Following binding, complete
Protein A-urease sandwich assays (steps 2-4) were carried out. We
illustrated that PBS is the most suitable medium for toxin incubation.
we demonstrated the linearity of the assay with respect to reaction
time, illustrating the lack of end-product inhibition of the urease

. system (9).

The stability of the toxin-antitoxin adsorbed on the microtitre
plate (step 3), when stored in a dry atmosphere at room temperature,
indicated a probable long shelf-iife of the reagents . Stability
curves were carried out for 2 months with no loss in activity.
Regardless of the blocking agent (showri as a hatched line in steps
2.3, and 4) we used., however, substantial amounts of non-specific
binding of Protein A- urease was observed. Thus, backgrounds were many
times very high, contributing to a. low dugree of specific
sensitivity. In addition, the enzyme urease, while exhibiting a high
turnover number and relative insensitivity to temperature during
incubation, was very sensitive to heavy metals and .pH (as well as the
indicator dye, which is pH sensitive). Modifications to the ELISA
technique were explored this contract year, investigating (i) toxin-
enzyme conjugates, (ii) commercial enzyme-anti IgG conjugates, various
blocking agents for the microtitce plates, a different enzyme and
substrate for visualization, and monoclonal antibrevetoxin antibodies.

IV. Technical Approach

A. Synaptosome Binding Assay

Biological Prepararion, Synaptosomes were prepared fresh daily

from rat brairn using the tecnni:jjues described bv Dodd et al. (10).

ynaptosome integrity was evaluated using electron microscopy, or by
""Na influx experiments. To prepare lvsed synaptosomal fragments, the
synaptosomal pellet was resuspended in 5 mM sodium phosphate (pH 7.4)
and incubated with occasional stirring for 30 min in an ice bath.
Protein was measured on resuspended intact svnaptosomes or lysed
synaptosomes just prior to bindirn, experiments ucing the technique
described by Bradford (11).

Toxin probe preparation, Natural toxins were used as obtained,
purifed from cultures. Synthetic tritiated PbTx-3 and unlabeled PbTx-3
were prepared by chemical reduction ot PbTx-2 using sodium borotritiide
or sodium borohydride, respectively. Toxin PbTx-7 was produced by
identicai chemical reduction of 'PbTx-1 using borohvdride. Precursor




toxins were mixed with equimo.ar reductant, cach present .a saturated
solution. Under stirrin;, corditions, the reactants were mixed and
allowed to react for 3.5 min, alter which {ime excess dcetcne was added
as sacrificial substrate (reauced to propanol). The solvent and
propanol was evaporated, ard the residue was redissolved in minimal
acetone. Acetone-soluble materia. was thin-layer chromatographed on
siiica gel plates using ethyl acetate/petroleum ether 70/30 as solvent,
tollowed bv high pressure liquid chromatography using an isocratic
~lution (1.4 mlL/win) soivent of 854 methanci/l3% water and monitoring
absorbance at 215 nm.

Tritidated toxin was guantitileda eadplcving uv HPLC detector tracings
and  standard  curves wore deve.oped usiny uniabeled toxin  PbTx-3.
Radioactivity wdas agetermined uo.ny siquia scintiliation techniques and
ApDropriate gquenched tritiad stuncards., HrlC-purified radioactive PbTx-
3} has 4 specific activity of 1J-15> Ci.umole, or one-fourth the specific
activitv of the chemical reductant. Aliguots of tritiated toxin are
stored under nltrogen atamosphere at 220°C in ethvl alcohol solution.
Labelea toxin {s stabie fur 4-6 aonths, repurification by HPLC being
perforued as necessary.

O he L ; Other brevetoxins were used as, purified from
UL tures. Potency o©f, individuai Dbrevetoxlns was measured using

vambusia fish bloassay (4,53,

Bonding  dusdyo Bind:ing wi tritiateza toxin was measured using a
rapid ceatritugdation tecnnigue (3. 3dinding assays were performed in a
bindrng aediua consisting of. > oM HEPES (pH 7.4), 130 aM choline
chioride, 5.3 aM siucose. 0.3 xM magnesium sulfate, 5.4 mM potassium
chloride 1 mg/nl. bovine secum albumin, and 0.01% Emulphor EL-620 as an
emulsifier; the latter bnelng necessary to solubilize the high
concentration «Ff unlapeled PoTx-> wsed in measurement .of nonspecific
bindiag. Bindins eXperl.dents were also conducted in a depolarizing
nedium consisting of 135 mM KSL. 5.5 aM glucose, 0.8 mM magnesium
sultate. 1 mg/al bovine serwa aitumin in 50 mM HEPES (pH . 7.4).
Svnaptoscmes (40-£0 ug toiar protein;, susgended in 9.1 mL. binding
pediud minus BSA were agdea to 4 redotion mixture containing tritiated
PbTx-3 and ,other eficcturs .o .9 mi. binding medium in 1.5 oL
polypropviene microcentriluge '.bes, After mixing and incubating at
4°C for 1 hour, sampies were centrifuged at 13000 x g for 2 minutes.

Superratant  soiutions werv aspiratec dond the - pellets were rapidly
w

washed with several droos ¢ a wasa medium (J). The pellets were then
transferred to ljiquid scintiiiation ainivials containing 3 mL
seintiliant and the bound rqc;bact.v;ry was estimated using liquid
sointilldtion  technijues, NomspeclIiic binding was measured in the
sresence ol a satirating contentraTion oI unlabeled 25Tx-3 (10 uM) and
w35 subtractoed froa tortal ing to vield specific binding. Free
tritlated prohe was determined v counting directly an aliquot of the

supernatant solutions prior 4 asplralion.

B FaQislAmuniassay

Antigen Colptongtion Tox.n PoLTx-2  was  purified  to  HPLC
emogenelty Aas described anove  and poterncy was confirmed  using the
BETAS i ab A el PACaasoav AL Jae toxin was  unlikely to  be

i
tigenic Because b 1TSS mGleduaar s.2e, and Thus It was necessary to
sonple as hapten o a suilabie antirenlc carrier, in these cases to



bovine serum a4lbumin (BSA) or keyholie limpet hemocvanin (KLH). We
utilized the aliphatic aldehvde functions present in PbTx-2 as the
coupling site, principally because the aldehyde 1s located on the
terminal portion of each mulecule and thus the toxin's spatial exposure
during immunization would be enhanced.

Homogeneous toxin PbTx-2 was added to acetonitrile to yield a
final concentration of 7 mg/ml. To this solution was added (in 3} equal
increments at one minute intervals) sodium borohvdride (as a saturated
solution 1n acétonitrile). The final acetonitrile stoichiometry added
was on the order of one mole reducing equivaients per mole toxin. For
assessmernt of reducing etficiency, and as 4 tcacer for later coupling
steps., one uCi tritium labeled borohvdride was added to the reaction
mixture. Fellowing ceaction for 6 uinutes under conditions of constant
stirring, excess borohvdride was dejraded by the addition of one al

"acetone (which is reduced to propanocl). The resulting solution was
thin-laver chromatographed on siiica gel and ultimately was purified
to homopeneity using HZLu. For purposes of our later coupling, we
rought to utilize onlv the Phix- reduction product. However, we wish
to point  out  that  PbTx-9, whica corresponds to a4 doubly reduced
product | also possesses 4 primary alcohol and could be used for
coupling as weil . ‘ '

Purttied PbTx-3 (reduced PHTN-7)  wae dissolved in & wminimal
volume of redistilled pyridine, ard a4 ten-fold molar excess of succinic
antvidride an pyvridire was addod witid stirring The reaction vial was

ealed, and was heated to 3575 and  stir,d for 2 nours in an oil
bath Following reaction, e4ch soiution w s dried under a stream of
nitrogen, re‘issolved in minimal sethannl and was chromatographedon
silica gel {n /0/30 ethvi acetate/ petrolews ether., Portions of each
plate were spraved with bromcresai green solurion for detection of
actdy, and 1 cm portions af each plate were scraped and assayed for
radioactivity by liquid scintillation techniques. Fractions which
produced both acid-positive reaction (succinic acid) and radioactivity,
‘toxin) were scraped, eluted, and wetphed. ‘

The fres carboxyl functicn on each tox.n-succinate derivative was
covalently coupled to the «-a@ino group of  -iine resides (n BSA or KLH
by use of standard ‘scnniques we have enploved previouslv (&) The
procedure  used was . hat enmploved for tRe covaient modification of
sterard bormone when coupled to srotetn carriers (1720, except that the
tiral  condensation  step  was  ietythened  to 1) hours Foilowing

cripd iy the o omixture was  daaaveed  apaltst O 3 4 wodium | phosphate
tabter (pH T 4 far 24 hours. ard 1) aoturs et phosphate -butlered
wadine RS At ipen cotcentratfon was, ad usted ta 1 oag,ml todn
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maintained, the first beinyg boosted with BSA-toxin and the second being

boosted with KiLH-toxin..

Preparatioen wi  Aotabodits, Fach antiserdm was treated with

Aammonium sulfate to yield a tindl sal% concentr
mixture was stirred at &4 & tor 1 hour and was

ption of 1.9 M. The
then centrifuged at

(o] p
12,000 x g a4t 4 C tor 30 mnutes. Precipltates were washed once with
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24 hours. The resulting crude aniibody solutiong
mg/ml  protein for titre evaiuation. Protein
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microtiter plate assays, once we had developed toxin-enzyme conjugates
whic were active materials.

s 2 i i - The assay we developed
last year (Figure 2) was a Protein-A-urease linked sandwich assay. We
chose this for the following reasons: (1) protein A binds specifically
to the Fc region of IgG and thus will minimize interference with Fab-
roxin interactions; (2) protein-A interacts with most IgG Fc’s, thus
permitting its use for many antibodies created; (3) protein-A-urease 'is
available commercially, thus assuring quality control; (4) urease has a
high turn-over substrate rate and is nct typically a mammalian
enzyme, thus providing low background when examining biological fluids;
(5) the assay is conveniently monitored using a dye-coupled (590 nm
detection) reaction in vesponse to released ammonium ion, allowing for
microtitre plate monitoring colorimetricallv.

That assay wutilized initial binding of hydrophobic toxin to
polystvrene (virtually quantitative) {step 1), followed by specific
antibody binding (step 3). followed by washing. Protein A-urease was
next added to bind specifically any toxin-specific antibody bound to
adsorbed toxin (step 4). After a final wash, urea substrate iolution
containing bromcresol purple dye was added and the color reaction is
evaluated photometrically.

PbTx-2 was used as hapten bound to the plate because of its higher
hvdruphobicity. Parameters such 4s optimal toxin concentration per
well (in 200 uL PBS), optimal buffering solution for toxin adsorption,
and optimum time and temperature for binding. Following toxin binding,
brevetoxin specific antibody was added and parameters of time and
temperature for binding, antibody concentration, and nonspeciftc
protein blocking or ‘lack of blocking were evaluated. Both of these
perturbations were evaluated bv classical "chequer board" arrays in the
microtitre plates. Evd.uation of stabilitv of the microtitre plate-
toxin-igG complex in lvophilized state was evaluated for shelf-life.
As indicated alreadv, because of the unstable nature of the urease
snzvme in Protein A coupled form, we abandoned Protein A-urease as a
potential reagent for assavs. -
sought to examine the stability, and efficacy of utilizing, brevetoxin
covalently-linked to  urcase enzvae, The toxin-enzyme conjugate is
coanstructed in an entirely analogous wanner to the construction of
complete antigen from brevetoxin bTx-3 and protein. This-is described
on page 12. The only deviation from ihis procedure is that we utilized
4 limting concentration ot toxin-succinate 1n the coupling procedure
to encourage 4 one-to-one stoichiometry of toxin to enzyme, This is
«ffocred by adding toxin-succinate conjuyd4te to protein solution,
‘rather rthan the converse of adding cnzvme to toxin-succinate solution.
The coupling stoichiometry apain can be convenientlv measured using a
small quantity of trittated PbhTx-3 added to solution during coupling.
The 11 storchiometry is utili.ed based on the 1ntuitive notion that
‘1) 4 minimal number of tox:in ac.conles per encvme molecule will lessen
"he likelihood of active site addition 1n the enzvime, and (2) that a
sreater togin sroichiometry would jncerease the hvdrophobic character of
the eonpigate,  thereby incroasing, non-specific adsorption to  the
shastic plates. A schematic ot the described protcecol is {llustrated

o Frpgare 3.
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Figure 3. Microtiter Plate Assays Utilizing Brevetoxin-Urease
. Conjugates

Checkerboard experiments on Yé-weil plates were carried out using
toxin-enzyme conceatrations ranging in 2-toid dilutions from neat to
1/512; (2 pircograms/well to 1.02 nanograms/well) and dilution of
polyclonal antibodies ranging from neat to 1/1024 dilutions (0.75 ag to
0.7 ugs/weil). The initial step (step 1) involved antibody binding to
the microtiter plate surfaces 1n the concentrations indicated.
Adsorption butter included 0.1 M Phosphate Buffered Saline (PBS, pH
7.4), 9.15 M Phosphate Buffered Saline (PBS, pH 7.2), and sodium
carbonate, buffer, pH 9.6 As potential blockers of non-specific
binding sites (step 2), non-fuat dry milk (Blotto), nonflavored gelatin
at various cnncentrations (GelBlock), bovine serum albumin (BSA), and
pre-immune serum (P[S) were utilized to minimize non-specific binding
of toxin-urease conjugate in st«p 3. In step 3, the various dilutions
of toxin urease were evaluated. J?w various Incubation steps were
carried out ot room temperature, 3/ O, and at 4 C. Appropriate blanks
were evaluated, as well as the stabijity of the toxin-enzyme conjugate

in neac form.

r : ASsays ‘rlﬂtQ:: TED XY $ -
conjugates. Brevetoxin specific antibodies were prepared as earlier
described. Aliquots were specificaily adsorbed to Protein G-Sepharose
columns (Pharmacia) and washed to remove e¢xcess protein not of an IgG
nature. Iy was then desorbed titrom the column using high ionic
strength glycine bufter, and was concentrated by molecular sieve
centrifagation (MW exclusion 10,000, Concentrated [gG was loaded on a
brevetoxin 'afl.nity volumn pruduged by the carbodiimide condensation
reaction  beatween  PbTx-3' succlnaie and  Amino  hexyl  Sepharose
(Pharmacia). (An identical procudure o that utilized for toxin
coupling to pratein was utiliced to coupie PhTX-3 succinate to the
amino  groups of the Sepharose Jderivative), Following specific
adsorption of the brevetoxin untibodies on the coluan, unadsorbed
material was washed free bv PBS, pH /.4 S,~cific brevetoxin antibody
was washed from the coluan with 3 ™M Nall and was desalted by

~dialvdis. This material was utilised tor coupling to peroxidase below.

Horse radish peroxidase (3 535 was dissolved in 0 3 ml freshly

prepared 100 mM NaHCO, in « sadals tube. sodium periodate (8 aM, 0.3
ml ) was added with sifrring and the mix was allowed to rea * 2 hre at
roum temperature. Three ml of anti-brevetoxin goat [gG (abou 7 mg

protein) was desalted on a usmairi calusn and was placed in 100 mM sod.um
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carbonate buffer, pH 9.2. The activated peroxidase and the IgG were
rapidly mixed and pipetted into dry Sephadex G-25 where they are
allowed to react for 3 hr at room temperature,

Following reaction, the conjugate was eluted {rom the sephadex
utilizing sodium carbonate buffer (pH 9.2), and was neutralized wigh
freshly prepared NaBH, dissolved in 0.1M NaOH. After incubation at 4°C
for 1 hr, protease inﬁibito:s are added and the whole mix is diluted to
twice volume with glycerol and stored at -20%C for later use.

" For this particular assay, similar types of parameters were
evaluated to ascertain optimum conditions. The protocol is illustrated
in Figure 4 below. Initially, we sought to use unlinked toxin as
initial adsorption step, as we did in Figure 1 for urease assays.
However, it appears that this step is critical with hydrophobic
materials such as these toxins and often they yield unpredictable
results. Instead we utilized the keyhole limpet hemocyanin (KLH) toxin

EYRN N C/

Figure 4. Enzyme immunoassays employing antibodies linked to
peroxidase. The assays can utilize'either brevetoxin-specific
antibodies linked to peroxidase (Ab in step 3 would be linked), or
anti-goat IgG to visualize brevetoxin specific antibodies adsorbed
to toxin-KLH (as indicated in the figure).

conjugate es a primary adsorbant (Step 1). The material 1is quite
hydrophobic, possesses an estimated 50-100 brevetoxin molecules per KLH
molecule, and possesses characteristics exploitable of protein and the
plastic plate interaction. In addition, the ‘linker arm between the
toxin and protein allows for a greater freedom of toxin-antibody

, interaction, Again, we - evaluated many different KLH-toxin
concentrations (step l), the many different blockers (step 2) already
enumerated, and severai -different washing and binding buffers.

Commercial antigoat I[gG-peroxidase conjugate (step 4) sas utilized to
evaluate the binding of brevetoxin specific antibodies to toxin-KLH
adsorbed to the plate. : .

11iz] ,
synaptosomes.. The P3 fraction., resulting from the procedures employed
for preparation of synaptosomes from rat brain (page 10), was utilized
as biological preparation 1n identical dilutions as employed for
antibody preparations described above. Standard checkerboard patterns
were developed employing dilutions of each specific binding component,
and toxin-enzyme conjugate. Dilutions of synaptosomes were incubated
in microtitre plates for one hour. followed by brief washing with
standard binding medium. CGelatin blocks followed for one hour, and
were then rinsed with standard binding medium. Dilutions of toxin-
urease conjugate were emploved to acertain specific binding.




V. Results and Discussion

A. Synaptosomal Bindiryg Assay
Species similarity of Ginding, Synaptosouwes from rats, turtles,
or fish were prepared to examine the binding characteristics of each
. with respect to brevetoxins. Table III outlines the results c¢f the

comparison, and iilustrates that any of the three systems examined bind
. brevetoxins in a reproducible manner with approximately equal efficacy.

Table III. Comparison of Dissociation Constant (K,) and Binding
Maximum (Bm'x) in Fish, Turctles, and Rats¥
3

_ K : Bm « Temp.oOptimum . Specific Binding
Species (nf)  (pMol/mg"B¥orein) °0) ar K
Fish 6.1 145 23 30%
Turt.e 1.5 2.25 4 80%
Rat 2.6 6.80 4 90%

*mean values tor K, and Bn'x' n-9,4,6 for fish, turtles, and rats
respectively, '

ﬁ‘ngn;gggmgi‘ A prellmlnarv comparlson of specific bindlng of tritiated
PbTx-3, PbTx-7, PbIx-9, and PbTx-l0 indicates an equivalent Bmax'and a
nrogression of K, values warlch parallel the relative potencies of the
labeled brevetoxins. This is a4 further indication to us that binding

N affinity is the conservative requirement in the potency of the
brevetoxins (Table IV), and further, that we may be able to utilize the
toxins which are of higher specific activity for more detailed receptor
characterization (l4).

Table IV. <Comparison of K- and B for Ffour Different Tritiated
Breveroxin Probes in <¥8%srain Synaptosomes

Toxin max
(nﬁ) ' {pmoles/ag protein)

Pulx-3 2o . 6 99

PbTx-9 ‘ 8.74 6.73

Pbix-7 ' 1.91 6.138

PLlx-10 ' 1.56 6.46

Our cvidence indicates that, at a Ki concentration of tritiated
PhTx-3, the t for on- wre. olD Sates \xdproxxmaCe i-2 minutes. A

closer 1ppf0%lm1£lon cannit  Le derived utilizing preseud protocols.
There is no membrane potentiai dependence ot brevetoxin binding to the
nigh aftinity, low capacity binding site xnown as Site 5. Kd~ 2.6




(intact), 2.9 (lysed), 3.3 (depolarized) and Bma = 6.01 (intact), 5.83
(lysed) and 5.75 pmoles/mg protein (depolarized) (&5).

Regardless of the organism used for synaptosomal preparations, it
is apparent to us that the topographic. characteristics of the
brevetoxin binding site on the VSSC are comparable. Using brevetoxins
PbTx-1-3, and PbTx-5-7, K. data for specific displacement of tritiated
PbTx-3 shows comparable data in each case (Table. I in Introduction).
The more hydrophobic type-2 brevetoxins are most efficacious in their
ability to compete for site 5 binding (6).

Classes of brevetoxin binding sites. Two separate brevetoxin
binding sites have been discovered in rat brain synaptosomes. The
brevetoxins bind with an affinity constant which is consistently in the
L-5 nM concentration range, in ‘good agreement with affinity  data for
other potent marine toxins like saxitoxin (16). In addition, the
binding maximum in synaptosomes is also in good agreement with data for
Site I toxins, which are known to bind to channels with a 1:1
stoiciometry. However, the allosteric modulation of sodium channel
binding by other natural toxins b; brevetoxins occurs at brevetoxin
concentrations much higher, ca. 20-100 nM (17). This data 1is
inconsistent with high affinity, low capacity binding.

Converse to this allosteric modulation which occurs at Thigher
brevetoxin concgntrations, is the finding that membrane
depolarization,‘ Na influx and gompetitive displacement of tritiated
brevetoxin binding by unlabeled competitors, is dose dependent in the
same concentration ranges observed for the high affinity binding site
(5). Thus, the allosteric modulation at other sodium channel binding
sites appears to arise from brevetoxin interaction with a lower
affinity, high.capacity binding site. . \ '

'Using classical Rosenthal analysis, we have been able to
distinguish two separate specific brevetoxin sites (Table V).

Table V. The Two Brevetoxin Binding Sites

Site ' K B Allosteric
d max Modulator
5 ' 2.6-3.3 5.7-6.8 No
* 79.1-300. 63.7-180 Yes

*not numbered until further work cah be accomplished.

) The two site hypothesis is supported by brevetoxin inhibition
constant data and double reciprocal cometition plots, which indicate a
deviation from competitive tvpe patterns to non-tompetitive type
patterns at higher competitor brevetoxin concentrations. The non-
competitive displacement appears to be specific in nature, and is not
likely due to changes in membrane fluidity. But, certainly more
investigation is required before concrete conclusions can be offered.
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~ B. Radioimmunoassay

The radiolmmunassay was developed last year has been used this
year almost entirely to give a baseline vaiue to ELISA protocols, which
have been a major thrust. Two potentially important developments have
taken place this year, both invelving a purification of brevetoxin
specific antibodies for use both in RIA and ELISA. No further specifiec
work has been undertaken with RIA, except that the KLH-Pbix-3 immunogen
has been successful in eliciting antibody production in a goat. Titers
are being evaluated weekly, with a biweekly immunization schedule.
Currently, titers have exceeded BSA-PbTx-3 elicited titers, based on
qualitative asséssment and Ouchtelony plates employing whole antigen

conjugate and specxfxc sera.
- 5. Goat serum was purified by loading 4

ml of a 10 mg/ml IgG solution onto a column constructed to contain 4 mg
of PbTx-3 specifically bound. Single pass adsorpcion of the serum
(6828 total units applied) resulted in 5254 Specific Binding Units
(SBU) adsorbing and 1896 S5BU passing through without adsorption, or a
73% specific adsorption of antibrevetoxin IgG to the column. ' Elution
of the adsorbed IgG was accomplished using 3 column volumes of 0.15 M
glycine-HC1 buffer, pH 2.8., followed by desalting against PBS pH 7.4
ona commercial 10 ml desalting celumn (BioRad) (figure 3). Standard
radioimmunoassays were performed on eluted fractions which were pooled
to calculate specific binding units recovered.

Absrobance, 585 nm
o
o
o

0.000 + + + + + +
10 - 18 20 25 .30 a8
Protein G Sepharose. Fraction Number
Figure 5. Protein G-Sepharose purification of brevetoxin specific

antibodies. 4 ml of antibrevetoxin IgG was loaded on a 3 ml protein G-

Sepharcse column pre-equilibrated with PBS, pH 7.4. The sample was,

loaded as a single pass, measuring protein concentration in dropwise
fractions. Following decreases in protein concentration to background
values (fractions 15-20), the eluting buffer was changed from PBS to
0.15 M glycine (pH '2.8) to elute specifically bound IgG. Protein
corresponding to eluted IgG elutes from fractions 23-40, fractions 25-

35 being pooled as purified IgG. These pooled fractions correspond to

73% of specific binding units loaded on the column.




Brevetoxin affinity column, The brevetoxin affinity column has

been utilized for IgG purification following Protein G-Sepharose
separation. The pooled sample of IgG from the Protein G column (5254
SBU) was loaded on the Brevetoxin-Sepharose affinity column in minimal
PBS, pH 7.4.. Following single pass adsorption and elution with 3 M
NaCl, 2210 SBU were recovered (7.2 mg protein), with a specific binding
activity of 307 U, mg protein (figure 6). The peak not adsorbing to the
column correpsonds to about 16.8 mg of protein (from a total of 24.4 mg
loaded on the column) and possessed no specific binding activity. We
feel thevefore that the column is a useful tool for .purification of IgG

specific for brevetoxins.
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Figure 6. Adsorption and desortion of specific brevetoxin antibodies'
from a brevetoxin-Sepharose affinity column. A total of 5254 SBU (24.4
mg protein) of brevetoxin specific antibodies was loaded on brevetoxin-
Sepharose affinity column prepared by carbodiimide condensation of PbTx-
3 with aminohexyl Sepharose 4B. Following adsorption, the column was
washed with 3 column volumes of PBS, pH 7.4 and the fractions were
pooled. The first peak corresponds to 16.8 mg protein ( ‘and -no
specific binding units) which was not adsorbed. At the fraction
indicated in the figure by the vertical line, the elution buffer was
changed to 3 M NaCl and the peak which eluted was pooled. The peak
‘corresponded to 2210 SBU and 7.2 mg total protein. The eluted peak was
utilized for development of the microtiter ’plate ,assays described

below.

C. Microtiter Plate Assays

Microtiter plate assays have been developed in five different
ways, four utilizing antibodies and one utilizing synaptosomes. Each
assay  has distinct advantages and disadvantages. The high
hydrophobicity of the toxins and their derivatives has been a principal
difficulty in all our attempts at converting to enzyme-linked assays.

For most ELISAs, hydrophobicity can be exploited to "stick"
antigen or antibody to the plate solid support. For brevetoxin
microtiter plate assay$, however, it 'was necessary to minimize

nonspecific binding of toxin. Basic among our studies was the
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opportunity to explore different methodologies for minimizing toxins,
or toxin-conjugates, from non-specific adsorption. to the plastic
plates. Each assay will be outlined, identifying the finalized
protocol, the problems encountered, the results obtained, and potential
future work.

Brotein A-urease agsavs (figure 2).
Protocol:

[1] incubate overnight at 4°C with PbTx-2 in PBS pH 7.4,
toxin conc at 1 ng/well and 0.1 ml volume;

[2] aspirate and incubate 1 hour at 37°C with goat IgG at
0.75 mg/well in 0.1 ml volume.. Aspirate IgG solution; .

{3} aspirate and block 1 hour at room temp. with 0.5X gelatin

0.3 ml/well. Aspirate gelatin;

[4] add commercial protein A-urease at 10X excess theoretlcal 1gG
concentration in 0.3 ml volume. Incubate 1 hour at room
temperature;

. [5] aspirate urease conjugate and wash once with PBS (pH 7.4) and
twice with distilled water;

{5] add urease substrate (consisting of per 100 ml in0.1 mM~
sodium hydroxide: 8 mg bromocresol purple, 100 mg urea, 0.2
mM EDTA, all adjusted to pH 4.8) and monitor coloer
development at 588 nm. ) . .

Results:. Microtiter plates could be prepared 3s depicted in
figure 2, and could be stored dessicated at either step three or four,
i.e at the plate-toxin-IgG step or the plate-toxin-IgG-Protein A-urease
step. Time course studies indicated no loss of enzyme activity under
such conditions. The problems enumerated below preclude further
development of the assay. '

Problems:
{1] high non-specific binding even when blockers were used;
12] low specific antibody binding to adsorbed toxin on plate;
[3] protein A urease unstable in refrigerator and lost activity;
i4] protein A binds to only 2 IgG subclasses form goats;
(5] competition a:says nsing dilutions of brevetoxin were
_ unsuccessful . ’

Future work: None. This assay appears.to present too: many
difficulties to proceed further.

Toxin-urease ‘gssays (figure 3).
Protocol: ' '

'1! incubate overnight with antibody solution (4 ng/well; in PBS,
pH 7.4; :

{2} aspirate and perform a 1 hour block;

;3] aspirate blocking agent and incubate with toxin-arease (gange
of 15 ug to 200 ng protein eq./well) for 2 hours at 37°C;

{6] aspirate and add urease reagent (as described above). Monitor
at 590 nm.
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Problems:
{1] high nonspecific binding of toxin-urease to plat
{2] blocking agent tried to reduce nonspecific incly
gelatin, 1% bovine serum albumin, each in the
absence of 0.01% tween;
[3] urease enzyme-toxin conjugate lost activity with
a 6-month period).

Results:
Successful ELISAs were carried out using a 1 h
block. Immune sera from the goat and from mice beg

u
immunization were detected quickly and with high seniﬁfivity.

results compared well with RIAs conducted on same ser
assays using dilutions of cold PbTx-3 added at the
constant concentrations of toxin-urease gave successfull
10 nM cold toxin (figure 7).
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Figure 7. Toxin-urease assay conducted as presented
schematic. Assays were conducted at room temperature, m
in absorbance at 595 nm using a microtiter plate 1
concentrations ranged from 0.001 nM to 10 nm PbTx-]

protein/well; toxin-urease= 8 ug protein/well.

Future Work:

We believe this assay utilizing derivatized brevetd
clearly for its indication that enzyme-toxin conjugatesg
activity and also because they are still recognized
specific antibodies. As described earlier, however,
stability and sensitivity of the urease enzyme preclude f

e,
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AntigoatIgG-antibody-peroxidase brevetoxin sandwichl ELISA. (figure

4).( Used to optimize KLH-toxin binding to goat polyclona
Protocol:

(1] Keyhoie limpet hemocyanin-linked brevetoxin PbTx
protein, approximately 0.2 ng PbTx-3/well) in

carbonate buffer pH 9.6, was incubated overrig

]l antibody).

-3 (50 ng
0.2 ml sodium
ht at Aoc;




[2] aspirate and add goat polvclonal antibody (mg to ng protein
_ concentration ranges) to optimize Ab-Ag concentrations for 1

hour at rcom teap;

3] aspirate and add commercial rabbit antxgoat -horse radish
peroxidase. Incubate 2 hours at room temp.;

(4] aspirate commercial preparation and wash plate with buffer;

[5] add commercial ABTS (2,2'-azino-bis-(3-ethylbenzthiazoline-6-
sulfonic acid) reagent and monitor development of color
reaction. -

Results: 5 o
i1} Strong posxtxv;s and low blanks at up to 1:10° goat antibody
dilutions (7.5 x 10 mg/well) and L: 10" rabbit antigoat (rag
peroxidase dilutions. 1:50  dilution of rag detects ?p to 1:10
dilution goat Ab. 1:500 dilution of rag detects up to 1:10°.

;2] Immulon 4 plates (Dynatech) appeared to give hlghest amount, of
specific KLH-toxin binding and lowest nonspec1f1c binding of antibodies
. and antibody-enzyme conjugates;

(3! Preimmune goat serum as blocker gave best results for
minimizing nonspecific binding of goat antobidy to plates, and also
yielded the highest degree of specific reaction with KLH-toxin; '

(4] Non fat dry milk was alsc an effective blocker.

Future Work: 4 i
The assay works well 'and is useful for evaluation of serum titers.

of antibody from animals being immunized. - Our goat bleeds can be
evaluated using this assay, employing each bleed serum in step 3 of the
assay (figure 3) and employing the commerical rag antibody uniformly.
This is the first assay we have developed of an ELISA format which
appears to work reprodiucibly and which has practical applications. We
believe that this is in part due to the time we have spent developing
it. but further that the reagents and substrate (plates) were developed
‘over many Years to a totally reproducible state. . Thus, the assays
practical application should be developed further to capitalize on
these aspects; i.e. the only.variables nov are KLH-toxin and goat (or
other species as necessary) antibody, both of which are now routinely:
available in.purified form. ' :

Our future plans with this assay are to utiljze the Protein G--
sepharose column to pre-purify goat antibodies, and then follow with
the toxin-sephadex ' affinity coluans to further purify specific goat
antitoxin antibodies, and to re-evaluate the yields at each step using
the rag ELISA. We believe this assay will be a primary analytical tool
for the laboratory.

Goar antibrevetoxin aptibody-peroxidase asgay., (figure 3, where
antibody in step 3 is peroxidase linked).

Protocol: '

i1} Goat polyclonal antibodies, pre-purified by sequential Protein
G-Sepharose and PbTx-3- Sephadex affinity columms, vere
linked to horseradish peroxidase using a standard socium
meta-periodate method .18);

(2] lncubate KLH-toxin conjugate in microtiter plates overn;ghr at
4 C (dilutions from neat to 1:20000);
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} aspirate and block 1l hour at room temp with rionfat dry milk;
| aspirate and incubate 2 hours at room temperature with

antibrevetoxin-peroxidase (0.6 ug to 6.0 pg protein/well):
[5] aspirate and add ABTS substrate and monitor at 405 nm.

' ‘ Results:

Strong signals were observed down to 1:20,000 dilution KLH-toxin
concentrations, indicating that this reaction is both highly
reproducible and optimized. However. tull strength antibrevetoxin-

peroxidase conjugate is required for the reaction. Two alternatives
exist for this observation: (1) the conjugated peroxidase enzyme loses
some acitivity upon brevetoxin covalent -binding; or, (2) brevetoxin
stoichiometries are not what we calculate.

Future Wortk:
The assay will be further refined to yield consistent results at
high sensitivity. Conjugation procedure for toxin to peroxidase will
be optimized inciuding proper stoichior.cry and enzyme activity

evaluations with increasing toxin coupling. ., Some initial work,
employing the following protocol, has been attempted:
Protocol:

'l anubate overnight at 4 C with goat antibody in mxcrotlter
plate (mg to ng/well);

(2] aspirate and block for 1 hour at room temperature with 4%
nonfat dry milk in PBS;

:3] aspirate and incubate 2 hours at room temperature with unbound
toxin PbTx-3; ‘ '

(4] aspirate and incubate 2 hours at rocm temderature with
antibrevetoxin antibody linked to peroxidase;

{5] aspirate and add ABTS substrate and monitor change in
absorbance at 405 nm.

‘Results:

Currently, this assay shows high nonspec1f1c binding of - antibody-
peroxidase to the plates. Until we resolve the stoichiometry problem,
we are uncertain if this is unaltered peroxidase binding, or antibody-
peroxidase contributing to the ‘high enzyme activity in blanks. 'One
reason we are continuing to pursue this assay 1s that if unknown toxin
concentrations are - substituted for known toxin in‘'step [3; above, the
resulting color development in steéep 5. will quantify toxin in
unknowns. Thus the greater color development in. assays will reflect
greater toxin concentrations., rather than the converse (i.e. lesser
color development for greater toxin concentrations) which is
characteristic of the other assays. .

Synaptosome assays in microtiter plates, (flgure 3, substituting

synaptosomes for brevetoxin-specific IgG).
| i Protocol: :
‘1. incubate 80 Lg-0.8 ug/well synaptosome preparaticn in Standard
Binding Medium for 2 hours at room temperature;
2. wash three times with 0.3ml PBS pH 7.4 washing buffer;
3. block with 300 ul 1% gelatin and incubate 1 hour 'at room temp;
4 rinse 3 times with 0.3wl PBS wash buffer;
i5: add toxin-urease diluted in PBS (neat to 1:200 dilution) with

tJ
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1% bovine serum albumin and incubate 2 hours at 37°C;

[6] rinse 3 times with 0.3 ml distilled water;
{7] add urease reagent and bromocresol purple indicator;
[8] monitor reaction at 595 na.

Results: :
As in all assays employing the enzyme uredse, some inconsistencies

were noted. In general, the checkboard assays indicated that binding

of toxin-urease to synaptosomes was taking place, with detectable
changes occurring with synaptosome concentrations as low as 1.6 ug

protein and toxin-urease dilutions of 1:20.

Future Work:

The assays were performed at a time when only toxin-urease
conjugate was availabie. We plan to utilize synaptosomcs with toxin-
peroxidase and in sandwich assays wusing synaptosomes as primary
adsorbant in the coming year. We believe the results are promising,
and have begun to anticipate development of a synaptosome-toxin-

antibecdy-peroxidase assay.

D. Summary Discussion

Table VI. Summary of Brevetoxin Microtiter Plate Assays

Adsorbant Sensitivity®
Primary Secondary - Tertiary - (ng/well)
PbTx-2 IgG a PbTx-3", Protein A-urease” 1.0
IgG a PbTx&35 PbTx-3-ureasa™ = c--c-- 6 0.001
KLH-PbTx-2 1gG a PbTx-3 s Fo8 IgG-peroxidase 0.2
Svnaptosome ' PbTx-3-urease .", , = =--=-~- : 0.2
1gG a PbTx-3  PbTx-3-peroxidase '~ = = ------ 4. 10 0.001
Synaptosome PbTx-3 igG-peroxidase a PbTx-3 ' ----

1
Jmaximum sensitivity demonstrated
goat antibrevetoxin prepared by cur laboratory
acommercial preparation ‘
brevetoxin-enzyme conjugate prepared oy our laboratory
kevhole limpet hemocyanin-linked brevetoxin
rabbit antigoat IgG-peroxidase commercial preparation
P3 fraction prepared in our laboratory :
gbrevetoxin-urease conjugate prepared by our iaboratory
_Arevetoxin-peroxidase conjugate prepared by our laboratory
goat antibrevetoxin peroxidase conjugate produced by our laboratory

w N
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During the ©past year, we have examined several different
microtiter plate assays with respect to brevetoxin detection. These
are summarized above in Table VI. We have experienced mixed results in
each assay explored, for a variety of reasons. We are, none-the-less,
optimistic that full development will occur soon, based on the positive
results we have obtained with each of the assays we nhave explored. The
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‘

first two assays utilize the enzyme urease, and were the first two
approaches we developed.

Urease was selected for a nuamber of reasons. Principal amongst
the advantages was a general lack of urease occurrence in masmalian
cells, thus- theoretically reducing background activity resulting from
enzyme activity in biological fluids. Second, urease is an enzyme
which possesses a high turnover number, thus increasing sensitivity.
However, the sensitivity of the indicator dve to pH changes and the
extreme sensitivity of wurease to heavy metals (both of which are
expected to fiuctuate in biological samples or food sources), precludes
further development. '

Our initiral studies revealed several important factors: (i)
brevetoxins alone are not good. adsorbants on microtiter plates,
presumably because of their proximity to surfaces and limited
accessibility by antibodies to epitopes on the toxin: (ii) regardless,
those antibodies which associate with bound toxin can be recognized by
specific adsorbants like protein A, indicating a general applicability
of ‘sandwich type assays. (iii) hrevetoxins can be successfully coupled
to an en.yme without substantially reducing either the enzvme activity,
~r the toxin’'s ability to be recognized by specific antibrevetoxin
antibodv. Using antibrevetoxin [;G as primary adsorbant and brevetoxin-
nurease conjugate as enzvme probe, we observed & pp/well sensitivity;
and. (iv) svnaptosomes retain specific brevetoxin binding affinity in
adsorbed  form. Specifically. Dbrevetoxin:urease is recognized by
adsorbed svnaptosomes. Thus, it appeared our only shortcoaing was the
enzvme we employed for detection, ’ S

Further work emploving var{fous peroxtdase conjugates of both
commercial® and  our svnthetic origin  indicated that our initial
indtcations of toxin-enzyme recognition and activity were correct.
Sensitivities of various peroxidase con;ugates are currently evaluated
at 1.0 pgs/well to 200 py/weil and we expect further refinements of both
blocking agent and stoictometry to proceed in a straightforward manner
in the coming vear. we have also developed a toxin-KLH derivative
which hyvdrophubically binds with high affinity to aicrotiter plates,
and allows the epitopes on the toxin Jreater access to solutions of
antibody applied. All assays using peroxidase are currently under
further evaluation and refinement.

we  expect that protetn G cojusns used for purification of IgG
cldsses from our poat antilserum wi.l reduce the btacksround levels of
detectable protein not of specific g6 classes. This purification step

Jhall precede - atfinity adsorption on columnhs countalning tamobilired
bhrevetoxin,  which  shall  vield brevetoxon spectific Ipe from  goat
ant i serum Thus, we expect our 4ssavs to be refihed principally by

suritving our antibody and tosxineconjusdte reapents.
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VI. Conclusions

{1] Antibrevetoxin antibodies can be produced in goats using
brevetoxin PbTx-3 covalently linked to either bovine serum albumin or
keyhole limpet hemocyanin;

" (2] Antibodies induced can be purified froa serum using a
combination of ammoniua sulfate precipitation followed by Protein G
.column cnrosatography and affinity coluan chromatography utilizing
immobilized brevetoxin;

{3} Radioimmunoassays can be used to evaluate serum titers of
antibody. These employ tritiated brevetoxins, produced by reductive
tritiation;

6 Enzyme-l.aked immunocassays for brevetoxins can be developed
“using enzyme-1linked brevetoxin, enzyme-linked antibrevetoxin
antibodies, enzyse-linked antigoat IgG, or enzyme-linked protein A;

19} Immunoassays eamploying wurease enzyme are unstable and

exhibit a high degree of backgrouid activity due to nonspecific
adsorption. Regardless, the assays c~e capable of Jetecting brevetoxin
{n the nano- to pico-gram concentratioa ranges,;

6] Immrunocassays eamploying peroxidase as the probe enzyme sppear
more stable and reproducible, and also can be utilized in several
different forms as in 4, above;

i 7 Synaptosomon adboro to microtiter plates and blnd brevetoxin
in & specific fashion. Br.vetoxin-enzyme conjugates are recognized by
the binding site in synaptosomes and thus colormetric assays based on
this specific binding reaction should be possible;

(8] All aicrotiter plate assays for the brevetoxins exhibit
varying degrees of nonspecific color development.



VII. Recommendations

[1] Complete investigation of specific binding of four tritiated
brevetoxin probes with goat IgG, predominantly to evaluate the specific
amount of type 2 toxins bound to antibodies directed against type 1
toxins;

(2] continue to boost both goats, using KLH-brevetoxin and BSA-
brevetoxin immunogens;

(3] once titers have plateaued, begin plasmaphoresis, preparing
sera for 1IgC purification in large quantities. Purify wusing a
combination of ammonium sulfate precipitation, Protein 'G affinity
chromatography, and brevetoxin-affinity chromatography;

‘4 re-evaluate RIAs using purified IgC from goats;

"5 continue refinement of microtiter plate assays using
peroxidase enzyme, concentrating on stoichiometry and reproducibility
utilizing (i) brevetoxin-peroxidase probes and each antibodies and
synaptosomes, (ii) antibrevetoxin-peroxidase assays and KLH-brevetoxin;

(6] begin competitive assays and displacment assays using
unbound toxin to develop standard curves;

(7] explore various biological fluids containing “"spikes" of
known brevetoxin to evaluate interfering materials;

i8] evaluate purified antibodies for their abilities to displace
bound tritiated brevetoxin from synaptosomes.
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